The study described here explored the dissolution kinetics of silicate glasses in aqueous environments in systems which included a variety of natural crystalline solids in addition to the glass itself and the aqueous phase. The results demonstrated the possibility of a dramatic decrease in the rate of dissolution of silicate glass in the presencx of &itah varieties of olivinebased materials. This decrease in dissolution rate was shown to be due to-the fact that these additives consist mostly of Mg-based material b~at also contain minor amounts of Al and Ca.
Introduction
Glass dissolution has been the subject of extensive research in recent years. One reason for this interest is the proposed use of borosilicate glass as an immobilization medium for nuclear wastes. Another reason is the increasing interest in natural and ancient glasses, such as the recently discovered KA' glasses. Characterization of the long-&hn corrosion kinetics of silicate glasses is complicated by the observation that the dissolution rates oE such glasses can exhibit sudden increases over time as a result of pH rise,[-l] nucleation of secondary phases, [2] or cracking of the exposed surface. [3] [4] One aspect of the corrosion kinetics of glasses. which
h& not yet been extensively studied is the effect of the presence of crystalline solids in contact with the same aqueous phase to which the glass is exposed. Such studies may be useful in identifying corrosion-remding backfill materials for use in burial sites for nuclear waste glass, especially in the cases of low-level waste glasses w.hich will not be enclosed within a metal container. Furthermore; the effect of-the presence of adjacent crystalline rock materials on the interaction between silicate glasses and water may also be important in studying the degradation of natural and archaeological glasses. It is well known that the extent of corrosion of such glasses varies considerably from site to site. The study described below consisted of a Several dissolved metals, including Al, Zn, Sn and Cu in neutral solutions and Be, Zn and AI in alkaline media were observed to cause retardation of glass dissolution when present 2 in aqueous media in contact with silicate gIasses. [S] In the case of Mg, conflicting findings have been reported. Under certain conditions, the presence of Mg ions resulted in significant reduction in glass dissolution rates, [6] while in other cases exposure to Mg-containing solutions was reported to have little effect or even to result in high corrosion rates of the glass due to the formation of Mg silicates. [7, 8] Investigation of the effects of Mgcontaining solid additives on glass dissolution can contribute to better understanding of these confl&hg observations, as well as to the identification of potential active backfill materials.
The study described below conckntrated on glass-water-Wditive systems involving rock materials and compounds of Mg and of other polyvalent metals. Only compounds and rock materials with low solubility in water were tested in order to ensure their long-term survivability.
The glasses used in the study were experimental two borosilicate glasses developed during simulation studies of the vitrification of nuclear wastes. The pMcipal composition used in the was detedned by dc plasma spectrometry. Neither one of these two glass compositions will 3 be used in the disposal of actual nuclear waste. However, a significant data-base already exists for the leaching properties of these two glasses and therefore they were considered appropriate for the present study, which is concerned with the leach kinetics of borosilicate glasses rather than with repository applications (see above).
The rock materials used in the present studies were obtained from Ward's Natural Science Establishment (Rochester, NY). The composition of rockmaterial additives were similarly determined. X-ray diffraction patterns of these materials were obtained using a Siemens
Theta-Theta D500 diffractometer. Petrographic thin sections of these samples were subject to examination by means of an optical microscope. In the cases of the materials which appeared to 'have the largest effects on glass dissolution, experiments were carried out using two or three different batches of each material purchased from Ward's at different times in order to verify the consistency of the relsults. In addition to these rock materials, several pure oxides (analytical reagent grade) were also included used in the present studies. These oxides were obtained in powder form from Fisher Scientific (Pittsburgh, PA).
The experimental procedure outlined below was not intended to simulate repository conditions. Rather, because of the preliminary nature of the work, the experiments were intended to find out if under conditions favoring glass-additive interaction sucb interaction could 
Results
The results of preliminary studies on TDS-165 glass showed that the observed leachate concentrations at the end of consecutive weekly intervals became nearly independent of time after the first week. The results of uranium analysis on the leachates obtained at the end of the 6th monthly interval are given in Table 2 Table 3 . X-ray diffraction of the two olivine samples used in the present study (Figure 1) showed;@at in both cases the major components were forsterite-rich olivine (with a large excess of forsterite, Mg2Si0,, over fayalite, FqSiO,) and enstatite (Mg2Si206, a pyroxene group mineral with limited capacity for substitution of Fe for Mg). The main differences between the two materials were that the Kilboume Hole material contained more enstatite than the San Carlos The results shown in Table 4 and Figures 2 -5 indicak that several additives, in particular Kilbourne Hole olivine, have very significant 'effects on the disaiution of PNL 76-68 glass. In an attempt to understand the difference in behavior between the Kilboume Hole olivine and the other Mgcontaining matefials with respect to their effect on the dissolution rates of glass, dissolution studies were carried out on the materials listed in Table 4 . The objective of these experiments was to &h for an explanation of the unusually large effect of the Kilbourne Hole olivine on glass dissolution. Accordingly, it was attempted to compare the nature and concentration of the leach products of the Kilbourne olivine with those observed in the cases of other additives. In these studies, a quantity of 0.1 g of each rock material was exposed to 20 mL of water at 90°C in the absence of glass for 1 week. The results are shown in Table 5 . Table 6 , and they show that the combined presence of olivine and anorthite indeed results in a decrease in the extent of glass dissolution.
In another experiment, the glass was leached under four different conditions, 
Discussion
The preliminary studies on TDS-165 glass (see Table 2 show that the presence of several The results of the studies on the dissolution of PNL 76-68 glass in the presence of various additivq ( Figures 2 -4) . It should also be noted that the two sets ofdata cited for this material (as well as for the San Carlos olivine) in Table 4 came from two separate batches, as described in the Experimental section. Preliminary, qualitative microscopic observations using SEM at a low magnification showed that in addition to its much greater effect on the leach rate of the glass as measured by solution chemistry, the presence of Kilbourne Hole olivine also resulted in the leached layer on the glass being much thinner than @e leached layer produced under similar conditions in the presence of San Carlos olivine or in the absence of an additive.
It should be emphasized that the results in The results in on g l w dissolution. According to the data in Table 5 , anthophyllite, Mg,Fe)&O,(OH),
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(Sample a) and serpentinid forsterite (Sample g) release more Mg and Si than Kilbourne Hole olivine, but according to Table 4 they have no observable effect on glass dissolution. The same is true for fayalite (Sample k), which exhibits the highest rate of Si dissolution.
The results of the studies of the effects onglass dissolution of olivine and anorthite, individually as well as in combination with each other (Table 6 ), confirm the observations reported above concerning the lack of effect of the San Carlos o h n e on glass dissolution.
Likewise, anorthite is not observed to have any significant effect. However, when a combination of 70% San Carlos olivine and 30% anorthite is introduced, a significant drop (by about one-third) in the extent of glass dissolution is observed to take place. The results cannot b6 explained in terms of pH effects (see Tables 5 and 6 ). One possible interpretation of the data is based on the assumption that in the presence of certain combinations of minerals, which release Mg and Al (and, possibly, Ca) at favorable concentration ratios, the surface layer on the exposed glass is transformed, while still thin, h t o a dense form which l i m i t s further dissolution[l"J. However, it is necessary to perform further experimental work, beyond the scope of the current study, in order to find out whether the effects of Mg-based additives containing smaller amounts of Al and Ca also involve factors in which solution chemistry plays an important role.
The results of the studies on the effects of adding dissolved A1 or Al + Ca to the olivindglasdwater system are quite striking (' Table 7 ). These results clearly show that the presence of the low-Ca, low-Al containing San Carlos olivine had no effect on the rate of glass dissolution even in the presence of added Ca, but upon addition of A1 the dissolution rate dropped. sharply, and the effect was largest in the presence of both A1 and Ca in the solution to 
Conclusions
The most striking conclusion of the present study is that Certain solid additives, in Additive effects on boron concentration in PNL 76-68 glass leaching. 0.6 g glass (-40 3-60 mesh) with no additive and 0.6 g glass with 1.5 g Kilbourne Hole olivine (-40 +60 mesh) in 20 mL of deionized water, 90°C. 
